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(57) ABSTRACT 

An energy storage arrangement includes at least two 
rechargeable energy storage devices connected in parallel. A 
first energy storage device has a plurality of lead-based 
storage elements, and a second energy storage device has a 
plurality of lithium-based storage elements. Between charge 
state limits of 0 to 100% a charge state interval is achieved 
in which the nominal Voltage of the second energy storage 
device is in a range between the maximum charging Voltage 
and the nominal Voltage of the first energy storage device. 
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1. 

ENERGY STORAGE ARRANGEMENT 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is the U.S. National Stage of Interna 
tional Application No. PCT/EP2012/00361, filed Jan. 27, 
2011, which designated the United States and has been 
published as International Publication No. WO 2012/139675 
and which claims the priority of German Patent Application, 
Serial No. 10 2011 016 785.4, filed Apr. 12, 2011, and 
German Patent Application, Serial No. 10 2011 108 231.3, 
filed Jul. 22, 2011, pursuant to 35 U.S.C. 119(a)-(d). 

BACKGROUND OF THE INVENTION 

The invention relates to an energy storage arrangement 
with at least two rechargeable energy storage devices con 
nected in parallel, wherein a first energy storage device 
includes a plurality of lead-based storage elements. 

Energy storage systems having multiple parallel recharge 
able energy storage devices are typically installed in modern 
motor vehicles, wherein a first energy storage is usually a 
lead-acid battery having several lead-based storage ele 
ments, also referred to as cells. A second energy storage 
device connected in parallel may be in the form of a 
capacitor, which generates, for example, the high currents 
required during starting of the motor vehicle. This is par 
ticularly advantageous when the high currents cannot be 
provided by the first energy storage device alone due to its 
low state of charge. 
A fundamental problem with lead-based energy storage 

devices is the Voltage drop as soon as a generator or battery 
charger from the power taken off or disconnected from the 
power grid. The Voltage drop may in a typical lead-acid 
battery installed in a motor vehicle between a charging 
Voltage of about 14 volts (V) during the charging process to 
a nominal Voltage of about 12 volts amount when the 
charging current is removed. It is also disadvantageous with 
lead-based energy storage devices that they have a relatively 
low number of cycles, meaning that they can only be used 
for a comparatively small number of charging or discharging 
cycles. Both aspects have a negative impact on the overall 
performance of an energy storage arrangement based on 
lead-based energy storage devices. These problems equally 
apply to vehicles having a 24 volt onboard electrical system 
and vehicles having a 28 volt onboard electrical system, 
Such as trucks or buses. 

SUMMARY OF THE INVENTION 

The present invention therefore addresses the problem to 
provide an improved energy storage arrangement. 
The problem is solved by an energy storage device of the 

aforementioned type, which is characterized in that a second 
energy storage device includes a plurality of lithium-based 
storage devices, wherein a state of charge interval is defined 
between state of charge boundaries of 0 and 100%, wherein 
the nominal Voltage of the second energy storage device is 
a range between the maximum charging Voltage and the 
nominal Voltage of the first energy storage device. 
The present invention is based on the concept to connect 

a second energy storage device having a plurality of lithium 
based energy storage elements in parallel with a first lead 
based energy storage device. The invention hereby over 
comes the parallel connection of two different types of 
energy storage devices which has been described in Science 
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2 
and technology as disadvantageous. According to the inven 
tion, the second energy storage device is selected so as to 
have in a state of charge interval (of the second energy 
storage device) defined by the state of charge boundaries of 
0 and 100% a nominal voltage located between the maxi 
mum charging Voltage and the nominal Voltage of the first 
energy storage device. 
The energy storage device preferably forms part of an 

onboard electrical system of a motor vehicle wherein the 
onboard electrical system includes at least one generator, in 
particular for charging the first and second energy storage 
device and optionally further energy storage devices, and at 
least one load consuming electric power. Although the 
energy storage device can of course also be used in other 
technical fields, the following discussion is limited mainly to 
the installation of the energy storage arrangement in a motor 
vehicle. 

According to the invention, a second energy storage 
device, which has a relatively high cycle lifetime, which is 
a measure for the number of possible charging/discharging 
processes of the energy storage device, is connected in 
parallel with the first energy storage device, which has a 
comparatively low cycle lifetime. During the operation of 
the motor vehicle, the electrical loads connected to an 
onboard electrical system of the motor vehicle are mainly 
Supplied via the second energy storage device. The first 
energy storage device is mainly used for starting the vehicle 
or a drive assembly associated therewith. 

In this way, a discharge of the lead-based first energy 
storage device is to the greatest extent possible prevented, in 
particular in traction phase of the motor vehicle, i.e. in 
driving situations where the generator, which represents a 
part of the onboard electrical system and generates at least 
electric power, produces only a reduced Voltage, since, in 
these situations the corresponding required amount of 
energy is provided by the second lithium-based energy 
storage device. This is hereby due to the comparatively 
higher nominal Voltage of the second energy storage device 
in these situations 

In coasting phases of the motor vehicle, i.e. in driving 
situations where the generator produces an increased Volt 
age, the lithium energy storage device can be charged more 
than the lead energy storage device, which is in a higher state 
of charge and therefore dissipates less power. Of course, a 
suitable control device is provided which can ensure, for 
example, that the first energy storage device does not fall 
below a predefinable or predefined minimum state of charge, 
for example of 80%. 
The energy storage device of the present invention thus 

provides a longer service life, in particular in absolute terms, 
of the first energy storage device. This will be illustrated by 
the following exemplary comparison. 

Typically, the service life of a lead-based energy storage 
device in about 300 times its capacity, while the service life 
of a lithium-based energy storage device is at least 3000 
times its capacity. With Small discharge cycles, the service 
life of a lithium-based energy storage device can correspond 
to up to 20,000 times its capacity. 

In an exemplary embodiment of the invention, the maxi 
mum charging Voltage of the first energy storage device is 
about 15 volts and the nominal voltage of the first energy 
storage device is about 12 volts, so that the nominal Voltage 
of the second energy storage device in state of charge 
boundaries between 0 and 100% may be in a range between 
about 12 volt and about 15 volts. These voltages apply to 
motor vehicles with a 12 volt onboard electrical system. For 
vehicles with a 24 volt onboard electrical system, the 
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charging Voltage of the first energy storage device is about 
30 volts and its nominal voltage about 24 volts. 
The aforementioned state of charge intervals may be 

defined more narrowly within the state of charge boundaries 
of 0 to 100%, so that a state of charge interval within the 
state of charge boundaries of 0 to 100% may also be between 
20 and 80%, preferably between 40 and 60%, more prefer 
ably between 45 and 55%. In particular, when the second 
energy storage device has a charging state of 50%, its 
nominal charging Voltage should be in a Voltage range 
between the maximum charging Voltage and the nominal 
Voltage of the first energy storage device. Consequently, 
with the first energy storage device having in this example 
a maximum charging Voltage of about 15 volts and a 
nominal Voltage of about 12 volts, the nominal Voltage of the 
second energy storage device should be, for example, 
between about 12 volt and about 15 volts in state of charge 
boundaries between 45 and 55%. The same applies to a 24 
volt onboard electrical system with suitably adapted voltage 
values. 
The storage elements forming the second energy storage 

device are preferably connected in series. Series circuits of 
identical storage elements are mostly known. It is then 
possible to adjust the Voltage of the second energy storage 
device as a function of the number of series-connected 
storage elements to virtually any high value. Typically, the 
nominal Voltages associated with the individual storage 
elements add up, so that the second energy storage device 
has a nominal Voltage corresponding to the Sum of the 
individual nominal Voltages of the respective storage ele 
mentS. 

Several different exemplary embodiments of the second 
energy storage device will now be listed. This list is not 
exhaustive. 
The second energy storage device may therefore include 

in an onboard electrical system designed for 12 volt: 6 
storage elements based on lithium-titanate, or 4 storage 
elements based on lithium, or 3 storage elements based on 
lithium and 1 storage element based on a lithium-iron 
phosphate compound, or 4 storage elements based on 
lithium-titanate and 1 storage element based on lithium, or 
3 storage elements based on lithium-titanate and 2 storage 
elements based on lithium, or 3 storage elements based on 
titanate and 2 storage elements based on a lithium-iron 
phosphate compound, or 2 storage elements based on 
lithium and 2 storage elements based on a lithium-iron 
phosphate compound, or 3 storage elements based on 
lithium and 1 storage element based on lithium-titanate. 

If the second energy storage device is configured for a 24 
volt electrical system, the number of the aforedescribed 
storage elements doubles, while the possible combinations 
of different types of elements remain the same. 
An additional embodiment of the second energy storage 

device suitable particularly for 24 volts onboard electrical 
systems may include: 7 storage elements based on lithium, 
or 7 storage elements based on lithium and 1 storage element 
based on lithium-titanate, or 6 storage devices based on 
lithium, and 2 storage elements based on lithium-titanate, or 
11 storage elements based on lithium-titanate. 
The second energy storage device may include, in addi 

tion to the plurality of lithium-based storage elements, at 
least one capacitor, in particular a double-layer capacitor. 
Double layer capacitors have two electrodes, between which 
an electrically conductive electrolyte is disposed. When an 
electric Voltage is applied, ions of the electrolyte of opposite 
polarity collect at the electrodes, forming a charge carrier 
layer of immobile charge carriers. The electrodes with the 
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4 
charge carrier layer as a dielectric behave as two capacitors 
connected in series across the electrolyte. They store energy, 
unlike electrochemical energy storage devices, electrostati 
cally. Double-layer capacitors typically have a Small internal 
resistance and a high number of possible charging and 
discharging cycles. 

Advantageously, the capacitor is as an additional storage 
element connected in series with the plurality of lithium 
based storage elements. Thus, the nominal Voltage of the 
second energy storage device can be further increased. Of 
course, it is also possible to connect more than one capacitor 
in series downstream of the storage elements of the second 
energy storage device. 

If the second energy storage device includes at least one 
capacitor connected in series with the lithium-based storage 
elements, the following exemplary embodiments of the 
second energy storage device are preferred. The second 
energy storage device for a 12 Volt onboard electrical system 
thus advantageously includes: 5 storage elements based on 
lithium-titanate and 1 capacitor, in particular a double-layer 
capacitor, or 4 storage elements based on a lithium-iron 
phosphate compound and 1 capacitor, in particular a double 
layer capacitor. Here, too, the respective number of elements 
is doubled when the second energy storage device is 
designed for the 24 volt onboard electrical system. 

Advantageously, a diode, in particular a quasi diode, is 
connected between the first and the second energy storage 
device. The forward direction of the diode is preferably in 
direction of the second energy storage device, i.e. energy 
(current) can flow via the first energy storage in the direction 
of the second energy storage device. Accordingly, the diode 
does not permit energy flow (current flow) from the second 
lithium-based energy storage device toward the first lead 
based energy storage device (reverse direction of the diode). 
In certain circuit arrangements or situations, the diode may 
be bypassed so as to allow energy flow (current flow) also 
in the direction of the first energy storage device. This 
applies especially to a startup or an emergency start of a 
motor vehicle. 

Advantageously, an electrical Switching means, in par 
ticular a safety switch, may be connected between the first 
and the second energy storage device. The electrical Switch 
ing means is, for example, an overvoltage protection and/or 
an undervoltage protection and/or a temperature protection. 
The electrical switching means may be in the form of a 
residual current circuit breaker. It is conceivable that the 
electrical Switching means can be switched by a Suitable 
control device connected thereto. 

BRIEF DESCRIPTION OF THE DRAWING 

Further advantages, features and details of the invention 
will become apparent from the exemplary embodiments 
described hereinafter and with reference to the drawings, 
which show in: 

FIG. 1 a schematic diagram of an onboard electrical 
system of a motor vehicle according to an exemplary 
embodiment of the invention; 

FIG. 2 a schematic diagram of an onboard electrical 
system of a motor vehicle according to an exemplary 
embodiment of the invention; 

FIG. 3 a schematic diagram of an onboard electrical 
system of a motor vehicle according to an exemplary 
embodiment of the invention; 
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FIG. 4 a diagram showing the course of the battery 
voltage UV as a function of the state of charge SOC of 
different inventive embodiments of a second energy storage 
device; 

FIG. 5 a diagram showing the course of the battery 
voltage U as a function of the state of charge SOC of an 
exemplary embodiment of a second energy storage device 
according to the invention for different charge and discharge 
conditions; 

FIG. 6 a diagram showing the course of the battery 
voltage U as a function of the state of charge SOC of 
different inventive embodiments of a second energy storage 
device; 

FIG. 7 a diagram showing the course of the battery 
voltage U as a function of the state of charge SOC of an 
exemplary embodiment of a second energy storage device 
according to the invention for different charge and discharge 
conditions, and 

FIGS. 8-11 additional diagrams showing the course of the 
battery voltage U as a function of the state of charge SOC 
of additional exemplary embodiments men of a second 
energy storage device according to the invention for differ 
ent charge and discharge conditions. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Fig.1 shows a schematic diagram of an onboard electrical 
system 1 of a motor vehicle 2 according to an exemplary 
embodiment of the invention. An energy storage device 3, a 
generator 4, and at least one load 5 consuming electrical 
energy during operation, such as an air conditioner 5, is 
included in the onboard electrical system 1. The load can be 
disconnected from the onboard electrical system 2 by a 
switch 15. The energy storage device 3 includes two paral 
lel-connected rechargeable energy storage devices 6, 7. The 
electrical connection between the energy storage devices 6, 
7 can be disconnected by an electric switch 16. The switch 
16 performs safety-related actions, such as in particular 
overvoltage protection, undervoltage protection and tem 
perature protection. The Supply Voltage of the onboard 
electrical system 1 is about 13.5 to 15.5 volts. 
The first energy storage device is provided as a lead 

battery and is accordingly formed of a plurality of series 
connected lead-based storage elements 8 (cell). The maxi 
mum charging Voltage of the first energy storage device 6 is 
approximately 15 volts (see FIG. 4, line 9), the nominal 
Voltage of the first energy storage device 6 is approximately 
12 volts (see FIG. 4, line 10). The second energy storage 
device 7 is embodied as a lithium battery and is formed, for 
example, of four series-connected lithium-based storage 
elements or cells 11. The nominal voltage of the second 
energy storage device 7 formed of four series-connected 
lithium-based storage elements 11 (see FIG. 4, line 12) is 
located within a state of charge interval of the second energy 
storage device 7 between 5 and 90%, located between 
defined state of charge boundaries of 0 and 100%, between 
the maximum charging Voltage (see FIG. 4, line 9) and the 
nominal voltage (see FIG. 4, line 10) of the first energy 
storage device 6. 
The second energy storage device 7 could also be formed 

of six series-connected Storage elements 11 of lithium 
titanate (see FIG. 4, line 13). In this case, the nominal 
Voltage of the second energy storage device 7 would be 
located within a state of charge interval of the second energy 
storage device 7 located within a state of charge interval of 
the second energy storage device 7 between 20 and 65%, 
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6 
located between defined state of charge boundaries of 0 and 
100%, in a range between the maximum charging Voltage 
(see FIG.4, line 9) and the nominal voltage (see FIG.4, line 
10) of the first energy storage device 6. The use of lithium 
titanate-based storage elements 11 is advantageous with 
respect to the safety of the second energy storage device 7 
since these have, in particular, comparatively high thermal 
stability. 

Likewise, the second energy storage device 7 could also 
be formed of three series-connected lithium-based storage 
elements 11 and one lithium-titanate based storage element 
11 connected in series (see FIG. 4, line 14). In this case, the 
nominal Voltage of the second energy storage means 7 would 
be located within a state of charge interval between 40 and 
100%, located between defined state of charge boundaries of 
0 and 100% of the second energy storage device 7, in a range 
between the maximum charging voltage (see FIG. 4, line 9) 
and the nominal voltage (see FIG. 4, line 10) of the first 
energy storage device 6. 

Accordingly, the second energy storage device 7 can be 
constructed in many different ways. They have in common 
that their nominal Voltage is in a state of charge interval 
located within a state of charge interval of the second energy 
storage device 7 between 40 and 60%, located between 
defined state of charge boundaries of 0 and 100%, in a range 
between the maximum charging voltage (see FIG. 4, line 9) 
and the nominal voltage (see 4, line 10) of the first energy 
storage device 6. In principle, a very slight increase in the 
nominal Voltage of the second energy storage device 7 
within the state of charge boundaries of 0 and 100% is 
desired, i.e. the nominal Voltage of the second energy 
storage device 7 should in principle be located across a wide 
state of charge interval between maximum charging Voltage 
(see FIG.4, line 9) and the nominal voltage (see FIG.4, line 
10) of the first energy storage device 6. 
As indicated by the dashed box 17, the energy storage 

arrangement 3, i.e. the first and the second energy storage 
device 6, 7, may be arranged in a common housing. This 
provides a particularly compact, easily maneuverable and 
lightweight embodiment of the energy storage device 3. 

Basically, the first energy storage device 6 is used mainly 
for starting the motor vehicle 1, since high currents are 
typically required. In view of high cycling capability of the 
second energy storage device 7 compared to the first energy 
storage device 6, meaning that the second energy storage 
device 7 can be charged and discharged more frequently, the 
second energy storage device 7 is provided especially for the 
recuperation operation of the motor vehicle 1 and the 
generator 4, respectively. The second energy storage device 
7 is mainly used in a so-called start-stop mode and a tracking 
mode of the motor vehicle 1. Optionally, a control device is 
provided which controls the Switching-in or Switching-out of 
the energy storage 6, 7 from the onboard electrical system 1. 
The energy storage arrangement 3 according to the inven 

tion also improves acceleration of the vehicle, since the 
second energy storage device 7 takes over the Supply of the 
onboard electrical system 1 at a low voltage reduction of the 
generator 4. 

FIG. 2 shows a schematic diagram of an electrical system 
1 of a motor vehicle 2 according to another exemplary 
embodiment of the invention. The major difference from the 
embodiment shown in FIG. 1 is the diode 18 connected 
between the first energy storage device 6 and the second 
energy storage device 7, which is in particular in the form of 
a quasi-diode. The forward direction of the diode 18 is in the 
direction of the second energy storage device 7. The diode 
18 can be bypassed for the startup or for an emergency start 
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of the motor vehicle. In this situation, power from the second 
energy storage device 7 can also be made available for 
starting the motor vehicle 1. 
The dotted box 19 shows the possibility to integrate the 

diode 18, the switch 16 and the second energy storage device 
7 in a common housing. It is also possible to integrate only 
the switch 15 and the diode 18 in a common housing. 

FIG. 3 shows a schematic diagram of an electrical system 
of a motor vehicle 1 according to another exemplary 
embodiment of the invention. The main difference from the 
embodiments shown in FIGS. 1 and 2 is the design of the 
second energy storage device 7, which has in addition to 
three lithium-based storage elements 11 at least one capaci 
tor 20. As can be seen, the capacitor 20 is connected in series 
with the storage elements 11. Accordingly, the electric 
capacity of the second energy storage device 7 can be 
increased. The capacitor 20 is advantageously a double 
layer capacitor. The nominal Voltage of the capacitor 20 is, 
for example, about 3 volts. 
A series-connection of lithium-based storage elements 11 

and a capacitor may also be formed, for example, of five 
lithium-titanate-based storage elements 11 and one double 
layer capacitor (see FIG.4, line 21). In this case, the nominal 
Voltage of the second energy storage device 7 would be in 
a state of charge interval of the second energy storage device 
7 located in a range between 15 and 85%, with reference to 
a defined state of charge boundaries of 0 and 100%, between 
the maximum charging Voltage (see FIG. 4, line 9) and the 
nominal voltage (see FIG. 4, line 10) of the first energy 
storage device 6. 

FIG. 5 shows a diagram of the course of the battery 
voltage U as a function of the state of charge (SOC) of an 
exemplary embodiment of a second energy storage device 7 
according to the invention, based on 6 Series-connected 
lithium-titanate-based storage elements 11 for different 
charging or discharging conditions. It can be seen that it is 
desirable that the second energy storage device 7 has a 
course (see FIG. 5, line 10) as close as possible near the 
center between the maximum charging Voltage (see FIG. 5, 
line 9) and the nominal Voltage of the first energy storage 
device 6 (FIG. 5, line 22), because in this case the curve of 
the nominal Voltage of the second energy storage means 7 in 
both a charging state (see FIG. 5, line 23) and in a discharg 
ing state (see FIG. 5, line 24) is located in a widest possible 
state of charge interval between the maximum charging 
voltage (see FIG. 5, line 9) and the nominal voltage (see 
FIG. 5, line 10) of the first energy storage device 6. 
The diagrams shown in FIGS. 6 and 7 correspond essen 

tially to the diagrams shown in FIGS. 4 and 5, except that the 
nominal Voltage of the first energy storage device 6 is in each 
case about 12 V (see FIGS. 6 and 7, line 10). Additionally, 
a line 37 relating to the minimum operating Voltage of the 
first energy storage device 6 is shown, which is located for 
example at approximately 13 Volts. As can be seen, the 
nominal voltage of the different embodiments of the second 
energy storage device 7 (FIG. 4, lines 12, 13, 14, 21) is 
located within a state of charge interval between 0 and 10%, 
respectively, and 100%, with reference to a defined state of 
charge boundaries of 0 and 100%, in a range between the 
maximum charging Voltage (see FIG. 4, line 9) and the 
nominal voltage (see FIGS. 6 and 7, line 10) of the first 
energy storage device 6, and within a state of charge interval 
between 15 and 100%, with reference to a defined state of 
charge boundaries of 0 and 100%, between the maximum 
charging voltage (see FIGS. 6 and 7, line 10) and the 
minimum operating voltage (see FIGS. 6 and 7, line 37) of 
the first energy storage device 6. The same applies to the 
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8 
respective charging and discharging states (see FIG. 7, lines 
23, 24) of the second energy storage device 7. 

FIGS. 8-11 show diagrams of the course for the battery 
voltage U as a function of the state of charge SOC of 
additional exemplary embodiments of a second energy Stor 
age device 7 according to the invention for different charg 
ing and discharging conditions. The embodiments of the 
second energy storage device 7 shown in FIGS. 6-9 are 
particularly Suitable for use of the energy storage arrange 
ment 3 according to the invention as part of a 24-volt 
onboard electrical system 1 of a motor vehicle 2. The line 9 
in FIGS. 8-11 also relates to the maximum charging voltage 
of the first energy storage device 6, the line 10 to the nominal 
voltage of the first energy storage device 6, and the line 37 
to the minimum operating Voltage of the first energy storage 
device 6. 
The embodiment shown in FIG. 8 relates to a second 

energy storage device 7 formed of 7 on lithium-based, 
series-connected storage elements 11. The course of the 
nominal voltage (see FIG. 8, line 25) of the second energy 
storage device 7 is in a state of charge interval of about 65 
to 100% between the maximum charge voltage (see FIG. 8, 
line 9) and the nominal voltage (see FIG. 8, line 10) of the 
first energy storage device 6. The same applies to a charging 
process of the second energy storage device 7 (see FIG. 8, 
line 26) and a discharging process of the second energy 
storage device 7 (see FIG. 8, line 27). 
The embodiment shown in FIG. 9 relates to a second 

energy storage device 7 formed of 6 lithium-based and 2 
lithium-titanate-based storage elements 11, wherein the stor 
age elements 11 are once again connected in series. The 
nominal voltage (see FIG. 9, line 28) of a second energy 
storage device 7 of this design, as well as its nominal Voltage 
during a charging process (see FIG. 9, line 29) and during a 
discharging process (see FIG. 9, line 30) is for a state of 
charge interval of about 50 to 90% between the maximum 
charging voltage (see FIG.9, line 9) and the nominal voltage 
(see FIG. 9, line 10) of the first energy storage device 6. 
The same also applies to the embodiment of a second 

energy storage device 7 shown in FIG. 10, which is formed 
of 7 lithium-based storage elements 11 and 1 lithium 
titanate-based storage element 11. Once again, the storage 
elements 11 forming the second energy storage 7 are con 
nected in series. The state of charge interval, where the 
nominal voltage (see FIG. 10, line 31) is generally located 
in a charging process (see FIG. 10, line 32) and in a 
discharging process (see FIG. 10, line 33) between the 
maximum charging voltage (see FIG. 10, line 9) and the 
nominal voltage (see FIG. 10, line 10) of the first energy 
storage device 6, starts here already in a state of charge of 
20% and ends at a state of charge of about 80%. In the 
charging process of the second energy storage device 7, the 
state of charge interval ends already at about 65%. 

Lastly, FIG. 11 shows an embodiment of a second energy 
storage device 7 formed of 11 series-connected energy 
storage elements 11, each based on lithium. The nominal 
voltage (see FIG. 11, line 34) of this second energy storage 
device 7 is also located in a state of charge interval from 
about 55 to 100% between the maximum charging voltage 
(see FIG. 11, line 9) and the nominal voltage (see FIG. 11 
line 10) of the first energy storage device 6. The same 
applies for a charging process (see FIG. 11, line 35) and a 
discharging process (see FIG. 11, line 36). In particular, the 
curve for the charging process advantageously shows over a 
state of charge interval ranging from about 20 to 100% a 
gently rising curve between the maximum charging Voltage 



US 9,431,180 B2 
9 

(see FIG. 11, line 9) and the nominal voltage (see FIG. 11, 
line 10) of the first energy storage device 6. 
As can be seen, the nominal Voltages of the second energy 

storage device 7 (see FIG. 8, line 25, FIG.9, line 28, FIG. 

10 
6 storage elements based on lithium and two storage 

elements based on lithium-titanate, and 11 storage 
devices based on lithium-titanate. 

8. The energy storage arrangement of claim 1, wherein the 
10, line 31, FIG. 11, line 34) are also located within state of 5 at least one capacitor is a double-layer capacitor. 
charge intervals of at least about 60 to 100% (see FIG. 8, 
Line 25) to state of charge intervals of about 15 to 100% (see 
FIG. 10, line 31), with reference to the defined state of 
charge boundaries of 0 to 100%, between the maximum 
charging voltage (see FIGS. 8-11, line 9) and the minimum 
operating voltage (see FIG. 8-11, line 37) of the first energy 
storage device 6. The same applies for charging and dis 
charging processes of the embodiments shown in FIGS. 6-9 
of the second energy storage device 7 (see FIG. 8, lines 26, 
27, FIG. 9, lines 29, 30, FIG. 10, lines 32, 33, and FIG. 11, 
lines 35, 36). 

The invention claimed is: 
1. An energy storage arrangement, comprising: 
a first rechargeable energy storage device comprising a 

plurality of lead-based storage elements, 
a second rechargeable energy storage device comprising 

a plurality of lithium-based storage elements, at least 
one capacitor, the first and second rechargeable energy 
storage devices are connected in parallel, 

wherein a state of charge interval is defined between state 
of charge boundaries of 0 and 100%, wherein a nominal 
Voltage of the second energy storage device in the state 
of charge interval is in a range between a maximum 
charging Voltage and a nominal Voltage of the first 
energy storage device. 

2. The energy storage arrangement of claim 1, wherein the 
state of charge interval is between a state of charge of 20% 
and 80%. 

3. The energy storage arrangement of claim 1, wherein the 
state of charge interval is between a state of charge of 40% 
and 60%. 

4. The energy storage arrangement of claim 1, wherein the 
state of charge interval is between a state of charge of 45% 
and 55%. 

5. The energy storage arrangement of claim 1, wherein the 
lithium-based storage elements of the second energy storage 
devices are connected in series. 

6. The energy storage arrangement of claim 1, wherein the 
plurality of lithium-based storage elements comprises at 
least one assembly selected from: 

6 storage elements based on lithium-titanate, 
4 storage elements based on lithium, 
3 storage elements based on lithium and 1 storage element 

based on a lithium-iron-phosphate compound, 
4 storage elements based on lithium-titanate and 1 storage 

element based on lithium, 
3 storage elements based on lithium-titanate and 2 storage 

elements based on lithium, 
3 storage elements based on titanate and 2 storage ele 

ments based on a lithium-iron-phosphate compound, 
2 storage elements based on lithium and two storage 

elements based on a lithium-iron-phosphate compound, 
and 

3 storage elements based on lithium and 1 storage element 
based on lithium-titanate. 

7. The energy storage arrangement of claim 1, wherein the 
plurality of lithium-based storage elements comprises at 
least one assembly selected from: 

7 storage elements based on lithium, 
7 storage elements based on lithium and 1 storage element 

based on lithium-titanate, 
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9. The energy storage arrangement of claim 1, wherein the 
at least one capacitor is connected in series with the plurality 
of lithium-based storage elements. 

10. The energy storage arrangement of claim 1, wherein 
the second energy storage device comprises at least 5 storage 
elements based on lithium-titanate and the at least one 
capacitor, or 4 storage elements based on a lithium-iron 
phosphate compound and the at least one capacitor. 

11. The energy storage arrangement of claim 10, wherein 
the at least one capacitor is a double-layer capacitor. 

12. The energy storage arrangement of claim 1, further 
comprising a diode connected between the first energy 
storage device and the second energy storage device. 

13. The energy storage arrangement of claim 12, wherein 
the diode is a quasi-diode. 

14. The energy storage arrangement of claim 1, further 
comprising an electrical Switching device connected 
between the first energy storage and the second energy 
storage device. 

15. The energy storage arrangement of claim 14, wherein 
the electrical Switching device is a safety Switch. 

16. The energy storage arrangement of claim 1, wherein 
the energy storage arrangement forms part of an onboard 
electrical system of a motor vehicle, wherein the onboard 
electrical system comprises at least one generator and at 
least one load consuming electrical power. 

17. The energy storage arrangement of claim 16, wherein 
the at least one generator charges the first energy storage 
device and the second energy storage device. 

18. An energy storage arrangement, comprising: 
a first rechargeable energy storage device comprising a 

plurality of lead-based storage elements, 
a second rechargeable energy storage device comprising 

at least six lithium titanate storage elements, having a 
combined nominal Voltage of 15V at a state of charge 
of 100%, and at least one capacitor coupled to the at 
least six storage elements, 

wherein the first and second rechargeable energy storage 
devices are connected in parallel, 

wherein a state of charge interval is defined between state 
of charge boundaries of 0 and 100%, wherein a nominal 
Voltage of the second energy storage device in the state 
of charge interval is in a range between a maximum 
charging Voltage and a nominal Voltage of the first 
energy storage device. 

19. The energy storage arrangement of claim 18, wherein 
the state of charge interval is between a state of charge of 
20% and 80%. 

20. The energy storage arrangement of claim 18, wherein 
the state of charge interval is between a state of charge of 
40% and 60%. 

21. The energy storage arrangement of claim 18, wherein 
the state of charge interval is between a state of charge of 
45% and 55%. 

22. The energy storage arrangement of claim 18, wherein 
the second rechargeable energy storage further comprises a 
capacitor. 

23. The energy storage arrangement of claim 22, wherein 
the at least one capacitor is a double-layer capacitor. 

24. The energy storage arrangement of claim 22, wherein 
the at least one capacitor is connected in series with the 
plurality of lithium-based storage elements. 
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25. The energy storage arrangement of claim 18, further 
comprising a diode connected between the first energy 
storage device and the second energy storage device. 

26. The energy storage arrangement of claim 25, wherein 
the diode is a quasi-diode. 

27. The energy storage arrangement of claim 18, further 
comprising an electrical Switching device connected 
between the first energy storage and the second energy 
storage device. 
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